Herein we investigated the effect of primer binding site polymorphisms in achieving correct genotyping when a mismatch occurs in distinct positions of the primer sequence. For that purpose primer sequences were designed in order to carry either allelic form at the 3' end and at 3 bp, 5 bp and 7 bp apart from the 3'end of an intronic polymorphism (rs2247836) observed in phenylalanine hydroxylase (PAH) gene. For one of the alleles annealing failure was obtained when the mismatch occurs at all the four primer-site locations. Primer sequences carrying the alternative SNP allele resulted to be less specific as the distance to the primer-3' end was increased. Altogether, these results revealthat effects in the extension of the annealing failure is allele and mismatch-position dependent.
INTRODUCTION
A crucial step in molecular genotyping is the primer design. Ideally, primers should match "cold" regions of genomic variability in order to avoid allelic drop-outs due to annealing failure in binding sites [1, 2] . Cases reporting genotyping inconsistencies due to primer-site mismatches have been mainly documented in forensics [3] but there are also cases reported in genetic testing genotyping [4, 5] . Any primer sequence carrying one of the two alleles of a polymorphic site is expected to result in genotype inconsistencies. When the mismatch occurs during the amplification of a homozygous sample, a null allele is thus expected (lack of amplification product), whereas in heterozygous individual for the primer binding site SNP a single chromosomes is amplified, and finally, in homozygous individuals for the other allele where no annealing failure occurs the genotype is correctly recognized. Hence, the extension of the genotype failure would be strongly dependent on the allelic frequencies of any SNP embedded at a primer binding site.
Another interesting issue is the position of the mismatched nucleotide within the primer sequence and the diversity observed in the final sequencing results. Expectedly, mismatches at the 3'end or close to the 3'end of the primer sequence would likely result in annealing failure but data is still scarce in what concerns mismatches at other positions of primer sequences. Although we are aware that this issue depends on aspects such as, for instances, the primer sequence, the amplification temperature and the sequence of the target DNA, a more detailed investigation would provide useful information. In this perspective, we used the phenylalanine hydroxylase gene (PAH) to understand how mismatches at distinct primer sites would affect the accuracy of the resulting genotypes.
MATERIAL AND METHODS

Marker Selection
An intronic SNP of the PAH gene (rs2247836; alleles A/G) located 167bp upstreamexon 5 was selected based on allelic frequencies available at the HapMap project [6] (Figures 1(a), (b) ). Primer sequences were designed to match each of the SNP alleles exactly at the 3'end (P1), 3 (P3), 5 (P5) and 7 (P7) nucleotides from the 3'end, respectively (Figure 1(c) ). The common reverse primer sed was 5'CCACACACACATACACGCATGC3'. u 
SNP Amplification and Detection
PCR amplifications were performed in a 10 µL total reaction volume comprising QIAGEN PCR Master Mix, 0.2 mM reverse and forward primers and 5 -10 ng DNA under the following conditions: 95˚C for 15 min of initial denaturation and 35 cycles of 94˚C for 30 s, 60˚C for 30 s and 72˚C for 1 min and 30 s, and a final extension at 72˚C for 10 min. The samples were purified through Sephadex G-50 columns and analyzed with an ABI PRISM 3130 Genetic Analyzer. The heterozygous status concerning the rs2247836 SNP and the PAH-Arg158Gln mutation was established using an external forward primer (5'GCTGTAGATGAGGTTTCTTTAAGAAC3').
RESULTS AND DISCUSSION
Our strategy was based in the identification of an intronic SNPs in the neighborhood of the PAH exon 5 where a primer sequence could be designed to assess the accuracy of the previously identified genotype of three heterozygous individuals for the Arg158Gln mutation, referred to one of our center to PAH diagnosis (MIM 612349). Since the most closely linked polymorphic sites upstream of exon 5 (rs3817446 and rs1568791) have no frequency data available, we targeted rs2247836 (A/G) located 167 bp upstream exon 5 (Figure 1(a) ) and with allelic frequencies ranging from approximately 60% for the A allele in Europe to 94% in Asia (Figure  1(b) ) [6] .The three samples here analyzed are thus heterozygous for both the polymorphic site and the mutation site.
The results (Figure 1(d) ) show specific amplification of the chromosome for which a primer matching sequence was used in three SNP-site locations: P1, P3 and P5, although in P5 carrying the G allele (G5) a week signal was obtained for the non-specific SNP-A allele. Lack of specificity was obvious with P7 carrying the G allele (G7) revealing a strong signal for the non-specific SNP-A allele.
Remarkably, amplification with the A7 primer resulted in a specific amplicon. That is, a primer carrying the A allele at the 3'end or at 3, 5 and 7 nucleotides from the 3'end would result in specific amplification of the A allele and failure in detecting SNP-G chromosomes and all the remaining variation in linkage disequilibrium is therefore expected to be lost.
CONCLUSIONS
In summary, we present a case study showing the effect that distinct alleles and distinct mismatching locations may have in genotyping practice, specifically in defining the homozygous/heterozous status of a closely linked allele. As the number of SNPs is increasing at the public databases we hope this information to be useful to all those involved in genotyping practices, namely in molecular analyses.
